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METHOD FOR PREPARING
HIGH-PERFORMANCE TANTALUM
TARGE'T

FIELD OF THE INVENTION

The present invention relates to the technical field of
nonferrous metal metallurgy, especially to a method for
preparing a high-performance tantalum target material.

BACKGROUND OF THE INVENTION

Tantalum target materials are mainly applied 1n semicon-
ductor film coating industry.

Physical vapor deposition (PVD), being one of the most
essential processes 1 semiconductor chip production, is
aimed at depositing a metal or a compound of a metal 1n a
form of thin film onto a silicon water or other substrates, and
finally forming complex wiring structure in semiconductor
chip by cooperation of photolithography, etching and the
like. PVD 1s completed via a sputtering machine station, and
sputtering target materials are a very important and key
consumptive material used 1n the process. Common sput-
tering target materials comprise highly pure tantalum, and
also other nonferrous metals such as Ti, Al, Co, Cu or the
like.

With increase of a water size from 200 mm (8 inches) to
300 mm (12 inches), the size of corresponding sputtering
target material has to be increased so as to meet basic
requirements of film coating by PVD. Meanwhile, when line
width 1s decreased from 130-180 mm to 90-45 mm, the
sputtering target material 1s changed from ultrahigh-purity
Al/T1 system to ultrahigh-purity Cu/Ta system based on
conductivity of a conductor and matching performance of a
barrier layer. Ta target materials have increasing importance
in the semiconductor sputtering industry, and demand there-
fore 1s bigger and bigger.

In prior art, tantalum target materials are mainly obtained
by a process of cold rolling or cold forging. The texture
components in the thickness direction of the target materials
obtained are not uniform, which mainly embodies in texture
(100) dominating 1n the upper and lower surfaces of the
target materials but texture (111) dominating therebetween.
Such target materials may be used on a machine station with
low use requirements, but when they are used on a high-end
machine station such as 12" machine station, the inconsis-
tent sputtering rate occurring 1s unacceptable.

SUMMARY OF THE INVENTION

An object of the present mvention i1s to overcome the
above-mentioned defects 1 prior art and to provide a
process for preparing a high-performance tantalum target
material which has uniform texture components in the
thickness direction and has a dominant texture 1n the upper
and lower surfaces. In addition, the process provides an even
sputtering rate and meets requirements for use 1n high-end
sputtering.

The present invention 1s designed based on the following
principles.

The uniformity in thickness of a thin film on a silicon
waler after sputtering 1s very important to the final product,
and 1t depends on the internal structure and the texture
orientation of a tantalum target. A target material in which
the crystal grains are umiform and fine and have approxi-
mately the same crystalline orientation enables sputtering,
rate of the crystal grains to be sputtered approaching to the
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2

same and the angular distribution trajectory of the sputtered
atoms approaching to the same 1n sputtering, such that a
coated layer with a uniform thin film thickness can be
obtained and the material utilization ratio of the tantalum
target can be increased greatly.

Therefore, the present invention provides the following
technical solution.

A method for preparing a high-performance tantalum
target material 1s characterized in that 1t comprises: first
preparing a tantalum ingot into a forged blank by a process
of cold forging in combination with hot forging; then rolling
by a hot rolling process; and finally leveling, and blanking,
cutting and performing surface treatment according to size
of a fimished product, so as to obtain the tantalum target
material.

The above process of cold forging 1n combination with
hot forging comprises: first performing primary forging to
the tantalum ingot by the cold forging process, performing
secondary forging by the hot forging process after pickling
and heating treatment, and then performing tertiary forging
by the hot forging process after pickling and heating treat-
ment again.

The above cold forging process may be carried out by
adopting cold forging processes that are known in the art,
preferably swaging, with a forging ratio controlled within
25%-40%.

The above hot forging process 1s completed under hot
forging conditions that are known 1n the art. Specifically, the
process comprises upsetting and stretching a target blank at
a temperature ranging from 800° C. to 1200° C., wherein the
upsetting ratio 1s controlled within 355%-80%, and during
stretching, a forging feed 1.=0.6-0.8 h, and a reduction
Ah=0.12-0.15 h, wherein h represents the height of the blank
betfore forging.

In one embodiment of the present invention, prior to
upsetting and stretching, the target blank 1s first preheated to
200° C. and then coated with 1-3 mm thick glass 11t thereon.
The glass 1rit used 1n the present mnvention may be selected
from glass 1rit used for hot compression, for example, those
usable within the temperature range from 800° C. to 1200°
C. In a preferred embodiment, glass 1rit with a particle size
of 100 mesh 1s used. Commercial glass 1rit may also be used,
c.g., type 844-7 spraying powder produced by Beijing
Tianlichuang glass technology development co., Itd.

In one embodiment of the present invention, after the
above tertiary forging, pickling and heating treatment are
further needed, wherein a mixed acid 1s used 1n pickling,
¢.g., a mixed acid liquor of HCI and HF at a volume ratio of
5:2 or a mixed acid liquor of HCI, HF, and H,SO, at a
volume ratio of 5:3:2. Other mixed acids with appropnate
ratios may also be used. The heating treatment 1s carried out
at a temperature being 25%-45% of the melting point of the
tantalum material for a time ranging from 60 to 120 min,
such as 70 min, 80 min, 90 min, 100 min or 110 min.

In another embodiment of the present invention, the
above tantalum ingot 1s a cast mgot with a Ta con-
tent=99.95%, preferably =99.99% and a diameter from 160
mm to 300 mm.

In still another embodiment of the present invention, the

step of rolling by a hot rolling process comprises: first
preheating the forged blank to 900-1200° C., e.g., 930° C.,

1000° C. or 1100° C., then rolling, and pickling until the
tantalum metal 1s lustrous without mottles.

In a preferred embodiment, the total rolling ratio 1s

controlled within 65%-85%, and the rolling temperature 1s
controlled at 800-1200° C. The rolling adopts cross rolling
with rolling direction turned clockwise by 45° for each time,




US 9,957,603 B2

3

in which the rolling ratio of the previous 8 passes 1is
controlled within 350%-75%, and the subsequent rolling is
mainly for compensating tolerance.

In a preferred embodiment, reheating 1n furnace 1s per-
formed at a temperature of 900-1200° C., e.g., 930° C.,

1000° C. or 1100° C. after rolling for every 2-6 passes
during the above rolling.

In a preferred embodiment, prior to the rolling, surface of
the blank 1s uniformly coated with 1-3 mm thick glass frt.

In a preferred embodiment, the pickling 1s carried out in
a mixed acid liquor of HCI, HF, and H,SO, at a volume ratio
of 5:3:2, and the pickling time 1s controlled to be 5 to 10 min.

In the present invention, tantalum ingot 1s forged by a
process of cold forging 1n combination with hot forging, and
the resulting forged blank 1s rolled by a hot rolling process
sO as to obtain a high-performance tantalum target material
that meets requirements for use in high-end sputtering
machine stations.

Particular technical features are as follows:

1. Forging by a process of cold forging in combination
with hot forging can increase forging ratio, eflectively
trigger more slip systems, and eflectively break the colum-
nar crystal zones in the cast ingot, central equiaxial crystal
zones, and fine crystal zones adjacent to edge of the tantalum
ingot. Since the columnar crystal zones in the cast ngot,
central equiaxial crystal zones, and fine crystal zones adja-
cent to edge of the tantalum ingot are effectively broken,
metal flow 1n central part of the blank 1s 1ncreased, nonuni-
form degree of the central structure 1s remarkably reduced,
and the original cast coarse-grain structure thereof 1s fully
broken from multiple directions under action of forces in
multiple directions. In this way, the forged plate blank
obtains a structure with relatively uniform grains, and avoids
presence ol harmiul structures such as “crystal zone” struc-
ture and coarse-grin structure subsequently remaining
because the central part 1s not fully broken.

2. Nonuniform distribution of deformation i height of
section of a rolled part 1s closely related with the shape
coellicient 1n a deformed zone. If the shape coetlicient
L(L=(RAh)"#/h) (wherein R is radius of roller; Ah is reduc-
tion; and h 1s average thickness) in the deformed zone 1s
small, influence of outer end on the deformation process
becomes prominent, and compressive deformation cannot
g0 deep 1nto inside of the tantalum blank, but limited 1n the
region adjacent to the surface layer. At this time, the defor-
mation in the surface layer 1s greater than that in the central
layer, and metal flow velocity and stress distribution are not
uniform. By hot rolling, the present invention can effectively
enhance tflowability of material and achieve rolling with a
large shape coetlicient 1n deformed zone. Rolling compres-
sive deformation completely goes deep into inside of the
tantalum blank such that the deformation in the central layer
1s equal to or slightly greater than the deformation in the
surface layer, thereby to promote the plate blank to be rolled
and deformed into a shape of “waist drum™ rather than a
shape of “hyperbola”. Rolling by such a method can ellec-
tively break coarse columnar grains remaining from the
previous procedure, because this process can cause more
dislocations accumulated along coarse grain boundaries,
turther effect uniformity and fineness 1n the grains of the
plate blank, and promote grains to slip on plural slip surfaces
(lines), which completes former treatment for subsequent
heating treatment to from v strong texture.

For the high-performance tantalum target material pre-
pared by the method according to the present nvention,
firstly, 1t has unmiform crystallization with grain size between
50 um and 120 um; and secondly, texture components where
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texture (110) dominates 1n the thickness direction of the
target material are obtained, and they are uniform in the
thickness direction. Compared with common tantalum target
matenal, the high-performance tantalum target material not
only achieves texture components where texture (110) domi-
nates in the thickness direction of the target material, but
also sets forth higher requirements for uniformity in the
textures (a total proportion of three textures (111), (110) and
(100) comprises between 40% and 50%), thereby ensuring
a consistent sputtering rate during use.

In another aspect, the present invention relates to a
high-performance tantalum target material prepared by the
above method. In one embodiment, the tantalum target
material has a tantalum content=99.99%. In another embodi-
ment, the grain size of the tantalum target material 1s
between 50 um and 120 um. In another embodiment, the
texture 1s dominant i the thickness direction (110) of the
tantalum target material, and a total proportion of three
textures (111), (110) and (100) 1s between 40% and 50%.

In still another aspect, the present invention relates to use
of the high-performance tantalum target material prepared
according to the atforementioned methods 1n film coating of
a semiconductor, 1n particular, 1n film coating by physical
vapor deposition.

BRIEF DESCRIPTION OF THE DRAWINGS

The technical solutions and technical advantages of the
present invention are illustrated below with reference to the
drawings, in which

FIG. 1 shows the metallographic test result after forging
according to cold forging method of the prior art;

FIG. 2 shows the metallographic test result after forging
according to an embodiment of the present invention;

FIG. 3 shows schematic diagram of the metallographic
test method for analyzing uniformity of the grain sizes 1n the
thickness direction of the target matenal.

FIG. 4 shows the metallographic test result after rolling
according to a method of the prior art.

FIG. 5 shows the metallographic test result after rolling
according to one embodiment of the present invention.

FIG. 6 shows the texture test result after rolling according
to cold rolling method of the prior art.

FIG. 7 shows the texture test result after rolling according
to one embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

A method for preparing a high-performance tantalum
target material according to a preferred embodiment of the
present mvention will be described below 1n details. The
overall processing solution of the method 1s as follows:

tantalum 1ngot—primary forging—pickling—heating
treatment—secondary forging—pickling—heating treat-
ment—rtertiary forging—pickling—heating treatment—roll-
ing—ypickling—heating treatment—Ileveling—blanking—
cutting—surface treatment—checking of the finished
product.

The specific solution 15 as follows:

1. Tantalum 1ngot: 160 mm=diameter=300 mm; chemical
composition: Ta=99.99%.

2. Primary forging: cold forging, adopting swaging pro-
cess, 1n which tantalum 1ngot with a large diameter 1s forged
with a forging ratio controlled within 25%-40%.

3. Pickling: HC1:HF=5:2 (volume ratio), the pickling time
1s controlled to be 2-5 min, the treatment 1s mainly for
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removing surface impurities, and 1t 1s stopped t1ll the luster
of tantalum metal can be observed visually without mottles.

4. Heating treatment: the heating treatment 1s carried out
at a temperature being 25%-45% ot the melting point of
tantalum material for 60 min.

5. Secondary forging: hot forging process 1s used. Spe-
cifically, 1t 1s first preheated to 200° C., then coated with 1-3
mm thick glass trit; subsequently, the target blank 1s heated
to 800° C. to 1200° C., and subjected to primary upsetting,
and stretching, wherein the upsetting ratio i1s controlled
within 355%-80%, and during stretching, the forging feed

[.=0.6-0.8 h (h represents height of the blank before forg-
ing), and the reduction Ah=0.12-0.15 h. To achieve a rela-
tively uniform deformation, the feed position for the current
compression should be staggered with the feed position for
the previous compression during stretching. Standard gauge
block 1s used as a cushion block to ensure uniformity and

controllability in each reduction.

6. Pickling: HCI:HF:H,SO,=5:3:2 (volume ratio), the
pickling time 1s controlled within 5 to 10 min to remove
surface impurities, and 1t 1s stopped till the luster of tantalum
metal can be observed visually without mottles.

7. Heating treatment: the heating treatment 1s carried out
at a temperature being 25%-45% of the melting point of
tantalum material for 60 min.

8. Tertiary forging: hot forging i1s used. Specifically, it 1s
first preheated to 200° C., then coated with 1-3 mm thick
glass irit; subsequently, the target blank 1s heated to 800° C.
to 1200° C., and subjected to secondary upsetting and
stretching, wherein the upsetting ratio 1s controlled within
55%-80%. During stretching, the forging feed L=0.6-0.8 h
(h represents height of the blank before forging), and the
reduction Ah=0.12-0.15 h. To achieve a relatively uniform
deformation, the feed position for the current compression
should be staggered with the feed position for the previous
compression during stretching. Standard gauge block 1s used
as a cushion block to ensure uniformity and controllability
in each reduction. In upsetting, the height 1s adjusted accord-
ing to size of the finished product.

9. Pickling: HCI:HF:H,SO,=5:3:2 (volume ratio), the
pickling time 1s controlled within 5 to 10 min to remove
surface impurities, and it 1s stopped till the luster of tantalum
metal can be observed visually without mottles.

10. Heat treatment: the heating treatment 1s carried out at
a temperature being 25%-45% of the melting point of
tantalum material for 60 muin.

11. The forged blank 1s preheated to 900° C. to 1200° C.

12. Rolling, the thickness 1s controlled to be the thickness
of the finished product required by customers plus a machin-
ing allowance of 2-4 mm.

1) To reduce oxidation of materials during rolling, the
blank 1s coated with glass frit on surface thereof before
rolling, and coating of the glass frit shall be uniform with a
thickness controlled within 1-3 mm.

2) Total rolling ratio 1s controlled within 65%-85%.

3) Reheating 1n furnace 1s required after it 1s rolled for
every 2-6 passes. The heating temperature 1s the same as the
temperature for preheating the blank, 1.e. 900° C. to 1200°
C.

4) The temperature of the material 1s monitored 1n real
time with a remote sensing thermometer during rolling. The
rolling temperature should not be less than 800° C., and be
controlled between 800° C. and 1200° C.

5) Cross rolling 1s adopted, wherein rolling direction turns
clockwise by 45° for each time. The rolling ratio of the first
8 passes 1s controlled within 50%-75%, and the subsequent
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rolling 1s mainly for compensating tolerance. The thickness
tolerance of the same plate 1s controlled within 0.5 mm.

13. Pickling 1s carried out 1n a mixed acid liquor of HCI,
HF and H,SO, at a volume ratio of 5:3:2, and the pickling
time 1s controlled between 5 min and 10 min to remove
surface impurities, and 1t 1s stopped till the luster of tantalum
metal can be observed visually without mottles.

14. Heating treatment: the heating treatment 1s carried out
at a temperature being 25%-45% of the melting point of
tantalum material for 60 min.

15. Leveling, the leveling temperature 1s 600° C. to 800°
C.

16. Blanking, an allowance of 5-10 mm 1s provided
according to size of the fimished product during blanking.

1'7. Cutting, the cutting 1s carried out according to size of
the finished product.

18. Surface treatment: surface defects are removed by
combination of mechanical finishing and artificial fimishing.

19. Checking of finished product: the target matenal 1s
detected 1n grain size, outline dimension, surface roughness,
and planeness (different customers have diflerent require-
ments).

FIG. 1 shows the metallographic test after forging of the
tantalum ingot according to cold forging method of the prior
art;

FIG. 2 shows the metallographic test after forging of the
tantalum ingot according to one embodiment of the present
invention. In the embodiment according to the present
invention, a tantalum ingot 1s forged by a process of cold
forging 1n combination with hot forging, and the forged
blank 1s subjected to the metallographic test, with results
shown 1 FIG. 2.

The results shown 1 FIG. 1 are compared with the results
shown 1n FI1G. 2. FIG. 1 shows after forging according to the
method of the prior art, the grain size of the forged blank 1s
nonuniform, and phenomenon of evident delamination
occurs. In contrast, as shown in FIG. 2, the forged blank after
forging according to the embodiment of the present inven-
tion has a uniform grain size and no evident delamination.

After the forged blank 1s rolled by hot rolling according
to an embodiment of the present invention, the resultant
target material 1s subjected to the metallographic test accord-
ing to the test method shown i FIG. 3, and uniformity of
grain size 1n the thickness direction of the target matenal 1s
analyzed.

As shown 1n FIG. 3, the red region A 1s the region where
metallograph 1s taken. Metallographs are taken continuously
at a height of 1.5 mm for each time, and then the metallo-
graphs are spliced together 1n sequence.

FIG. 4 shows the metallographic test result of target
material after the blank 1s rolled according to cold rolling
process 1n the prior art.

FIG. 5 shows the metallographic test result of target
maternial after the forged blank 1s hot rolled according to hot
rolling process of the present invention.

By comparison, in the target material obtained by the
method 1n the prior art, as shown in FIG. 4, the grain size 1s
nonuniform, phenomenon of delamination occurs, and the
grain size in the central part 1s larger. However, 1n FI1G. §, the
target material obtained by the method of the present inven-
tion has uniform grain size.

In addition, the target material formed after hot rolling
according to the method of the present invention 1s subjected
to texture detection. Table 1 shows detection result data of
the textures of the target material rolled according to the cold
rolling process in the prior art. Table 2 shows detection result
data of the textures of the target material rolled according to
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the method of the present invention. Average grain size and
proportion of each of texture components (111), (110) and
(100) that are detected at points (from the top down) taken
at different parts of the target material with equal intervals
are listed 1n the tables.

TABLE 1

Detection result data of textures of the target
material rolled according to the prior art

Average grain Texture Texture Texture
Part size (um) {100} {110} {111}
From 1# 28,7 + 21.7 17.8 11.7 12.3
top to 2# 32.5 £ 239 18.7 9.94 22.4
bottom 3# 31.6 = 24 11.2 5.6 39.2
44 35.1 = 29,5 8.82 6.25 42.6
S# 30.5 £ 23.5 17.5 7.74 19
Ot 25.8 £ 22.3 15.3 9.7 19.3
Whole 31.2 £ 25 14.8 8.43 26
TABLE 2
Detection result data of textures of the target material
rolled according to the method of the present invention
Average grain Texture Texture Texture
Part size (um) {100} {110} {111}
From 1# 29.9 + 19.8 9.56 19.1 12.9
top to 2# 27.5 £ 16.5 11.5 21.1 10.2
bottom 3# 294 + 18.8 12.1 21.5 11.5
44 32.9 £ 20.5 12 21.4 10.1
S5# 33.4 £ 22 11.9 28.1 6.635
Ot 31.2 = 20.8 9.91 27 10.2
T# 31 + 18.8 11.3 26 8.74
Rt 33.8 £ 21 14.4 19.1 11.3
O# 38.2 + 24.9 13.3 23 9.99
Whole 31.6 = 20.6 11.7 22.9 10.3

FIG. 6 shows diagram of texture result of the target
material rolled according to a method 1n the prior art; and
FIG. 7 shows diagram of texture result of the target material
rolled according to an embodiment of the present invention.

As can be seen from table 1 and FIG. 6, in the target
material cold rolled according to the method in the prior art,
distribution of texture components 1s not uniform, and
texture (111) 1s dominant and gradually increases from the
surface to the central part of the target material. The total
proportion of three textures (111), (110) and (100) 1s
between 42% and 57%.

By analysis on the results shown 1n table 2 and FIG. 7, 1t
can be seen that in the tantalum target material rolled
according to the method of the present invention, texture
components are distributed uniformly, and texture (110) 1s
dominant. The total proportion of three textures (111), (110)
and (100) 1s between 42% and 48%.

Consequently, by treating the high-performance rolled
blank via the hot rolling process according to the present
invention, a uniform high-performance tantalum target
material having texture components 1 which texture (110)
dominates 1n the thickness direction of the target material
and meeting requirements for use 1 high-end sputtering

machine station. Compared with common tantalum target
material, the high-performance tantalum target material not
only achieves texture components where texture (110) domi-
nates 1n the thickness direction of the target material, but
also sets forth higher requirements for uniformity in the
textures (the total proportion of three textures (111) (110)
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and (100) comprises between 40% and 50%), thereby ensur-
ing a consistent sputtering rate during use.

The above merely demonstrates preferred embodiments
of the present invention. It should be noted that several
improvements and modifications may be made by an ordi-
nary person skilled in the art without deviation from the
principle of the present imnvention, and such improvements
and modifications shall be regarded as falling within the
protection scope covered by the present invention.

The mvention claimed 1s:

1. A method for preparing a high-performance tantalum
target material, wherein 1t comprises: first preparing a tan-
talum 1ngot 1nto a forged blank by a process of cold forging
in combination with hot forging, wherein the hot forging
comprises upsetting and stretching a target blank at a tem-
perature of 800° C. to 1200° C., wherein an upsetting ratio
1s controlled within 55%-80%, and during the stretching, a
forging feed L=0.6-0.8 h, and a reduction Ah=0.12-0.135 h,
wherein h represents height of the target blank betfore the hot
forging; then rolling by a hot rolling process; and finally
leveling, and blanking, cutting and performing surface treat-
ment, so as to obtain the tantalum target material.

2. The method for preparing the high-performance tanta-
lum target material according to claim 1, wherein the
process of cold forging in combination with hot forging
comprises: first performing primary forging to the tantalum
ingot by the cold forging, performing secondary forging by
the hot forging after a first pickling and heating treatment,
and then performing tertiary forging by the hot forging
process after a second pickling and heating treatment.

3. The method for preparing the high-performance tanta-
lum target material according to claim 2, wherein the cold
forging process 1s swaging, with a forging ratio controlled
within 25%-40%.

4. The method for preparing the high-performance tanta-
lum target material according to claim 2, wherein a third
pickling and heating treatment are performed after the
tertiary forging, wherein a mixed acid liquor of HCI and HF
at a volume ratio of 5:2 or a mixed acid liquor of HCI, HF,
and H2504 at a volume ratio of 5:3:2 1s used for the third
pickling; and the third heating treatment 1s carried out at a
temperature being 25%-45% of a melting point of tantalum
material for 60-120 muin.

5. The method for preparing the high-performance tanta-
lum target material according to claim 1, wherein prior to the
upsetting and stretching, the target blank 1s first preheated to
200° C. and then coated with 1-3 mm thick glass irit.

6. The method for preparing the high-performance tanta-
lum target material according to claim 1, wherein the
tantalum ingot 1s a cast ingot with Ta content=99.99% and
a diameter between 160 mm and 300 mm.

7. The method for preparing the high-performance tanta-
lum target material according to claim 1, wherein the step of
rolling by the hot rolling process comprises: first preheating
the forged blank to 900-1200° C., then rolling, and pickling.

8. The method for preparing the high-performance tanta-
lum target matenial according to claim 7, wheremn a total
rolling ratio 1s controlled within 65%-85%, a rolling tem-
perature 1s controlled at 800-1200° C., the rolling adopts
cross rolling with rolling direction turned clockwise by 45°
for each time, a rolling ratio of first 8 passes 1s controlled
within 50%-75%, and followed by subsequent rolling.

9. The method for preparing the high-performance tanta-
lum target material according to claim 7, wherein reheating
in furnace 1s performed at a temperature of 900-1200° C.
alter every 2-6 passes during the rolling.
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10. The method for preparing the high-performance tan-
talum target matenial according to claim 7, wherein prior to
the rolling, the forged blank 1s uniformly coated with 1-3
mm thick glass rit on surface thereof.

11. The method for preparing the high-performance tan-
talum target material according to claim 7, wherein the
pickling 1s carried out 1n a mixed acid liquor of HCI, HF,
H2504 at a volume ratio of 3:3:2, and a pickling time 1s
controlled between 5 min and 10 min.
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